Introduction
The various macrocyclic compounds such as crown ether and calixarene [1] [2] [3] containing redox-active centers have been utilized for the development of advancing chemical sensor technology. Several excellent quinone and anthraquinone based redox-switchable ligands for cations were developed by Gokel and Echegoyen. [4] [5] [6] But quinone based redoxswitchable hosts for anions were not reported at all until recently. The urea and thiourea groups have been used in the development of neutral receptors, because the hydrogen bond is directional in character and orientation of the hydrogen bond donors can provide the selective anion recognition. Recently we reported 7 a lower rim urea derivative of calix [4] diquinone for the first time, which showed a high selectivity for HSO 4 
−
. Also the upper rim urea derivative 8 of calix [4] 
Results and Discussion
By taking advantage of a selective 1,3-alkylation, 1,3-bis(cyanopropyl)oxycalix [4] arene 1 was prepared by the reaction of p-t-butylcalix [4] arene and 4-bromobutyronitrile in the presence of K2CO3. 9 Reduction with LiAlH4 yielded the corresponding aminocalix [4] arene 2, which was transformed into urea derivative 3 when treated with phenylisocyanate. Finally reaction of calixarene 3 with TTFA (thallium trifluoroacetate) in trifluoroacetic acid afforded the urea derivative calix [4] , suggesting that 4 complexed with hydrogen sulfate ion 1 : 1 solution stoichiometry. Large chemical shift change of the NH protons in the presence of anion suggests that the anions bind the urea protons directly. The association constants of the various anions to the receptors are obtained from the resulting titration curves using EQ-NMR 11 and these values are presented in Table 1 . − compared with previous urea derivative 7 can be attributed to the relatively long distance between quinone oxygen and urea N-H proton, which could play a significant role as the additional binding. The receptor 3 also exhibits remarkable thermodynamic stability for HSO4 − as shown in Tetabutylammonium salts. Errors estimated to be <10%.
CH 3 COO
− as observed with receptor 4 presumably due to the additional hydrogen bond with hydroxy proton. The electrochemical property of 4 in acetonitrile also was investigated using cyclic voltammetry. Calix [4] diquinone 4 is initially reduced to semiquinone-quinone by one electron transfer, and then reduced to semiquinone-semiquinone at more negative potential. The addition of anions to calix [4] (2) . To a vigorously stirred solution of 2.5 g (3.2 mmol) of dinitrile 1 in 150 mL of diethyl ether, a slurry of 1 g (28 mmol) of LiAlH 4 was added portionwise and the reaction mixture was refluxed for 5 h. After the reaction flask was immersed into an ice-water bath, the excess LiAlH 4 was destroyed by careful addition of wet benzene (100 mL) and water (5 mL). The clear organic layer was decanted and the inorganic salts were washed with benzene. The combined organic layers were evaporated to dryness to afford diamine 2 (2.3 g, 91%) as a white solid which was pure enough to be used in the next step. Notes form (100 mL). After removing the solvent, the crude products were purified by the column chromatography (eluent, 
